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Abstract: The wearing behavior of coated layers on plowshares used in soil tillage was investigated. Plowshares produced
from DIN EN 10 083 (30 MnB5) steel, widely used in plows, were coated with 20 μm hard chromium by electrolysis
method, 20 μm electro-less nickel by chemical treatments, and 4 μm titaniumnitride (TiN) by physical vapor deposition
to increase wearing resistance. The coated plowshare specimens, together with uncoated plowshare specimens, were
mounted on test equipment to analyze their wearing characteristics in a sandy clay loam soil at a speed of 5.8 km h-1. The
thickness of the coating and the mass loss of the plowshares were measured each 1.18 km up to 10.8 km for all the coated
layers. Before and after tillage, the specimens were analyzed metallographically using a scanning electron microscope
(SEM) and energy dispersive spectroscopy (EDS). Abrasive wear occurred on all the plowshares. The wear values for
the uncoated and coated plows were in a close range for the tillage length of 10 km in the soil bin. Over that distance,
all coated layers showed wear together with the basic material of the plowshare body. The wear length of the electroless
nickel coated specimen was higher than the others. However, the TiN coating had a higher wearing resistance than the
hard chromium and electroless nickel coatings.
Key words: Metal coating, plowshare, plow, tillage, wear

Farklı kaplama malzemeleri kullanımının pulluk uç demirinde aşınma üzerine etkisi
Özet: Bu makalede, pulluk uç demirindeki kaplama katmanının toprak işleme sırasında aşınması araştırılmıştır.
Pulluklarda yaygın olarak kullanılan DIN EN 10083 (30 MnB5) çeliğinden üretilmiş uç demirleri, aşınmaya karşı
dirençlerini artırmak amacıyla elektroliz yöntemiyle 20 μm kalınlığında sert kromla, kimyasal işlemlerle 20 μm
kalınlığında akımsız nikelle ve fiziksel buhar biriktirme yöntemiyle 4 μm kalınlığında titanyum nitrit ile kaplanmıştır.
Kaplanmış uç demirleri ile kaplanmamış uç demirinin aşınma özelliklerini ölçmek için pulluk test cihazı üzerine monte
edilmiş ve 5.8 km h-1 hızda kumlu killi tınlı toprakta ve her 1.18 km’de kaplama kalınlığı ve aşınan kütle kaybı ölçülerek
tüm kaplamaların aşındığı 10.6 km’ye kadar toprak işleme yapılmıştır. Pulluk uç demirleri toprak işlemeden önce ve
sonra tarama elektron mikroskobu kullanılarak metalografik olarak analiz edilmiş ve bunların enerji dağılım spektrumu
belirlenmiştir. Uç demirleri, toprakta abrasiv aşınmaya maruz kalmıştır. Kaplamasız ve kaplamalı pulluk uç demirleri,
toprak kanalında yapılan 10 km’lik toprak işleme uzunluğunda birbirine yakın değerlerde aşınmıştır. Bu mesafede tüm
kaplama katmanları aşınmış, aynı zamanda uç demiri ana malzemesi de aşınmıştır. Akımsız nikel kaplamanın aşınma
mesafesi, diğerlerinden daha uzun olmuştur. Bununla birlikte titanyum nitrit kaplamanın, akımsız nikel kaplama ve sert
krom kaplamadan daha yüksek aşınma direncine sahip olduğu saptanmıştır.
Anahtar sözcükler: Aşınma, metal kaplama, pulluk, toprak işleme, uç demiri
* E-mail: nalbant@gazi.edu.tr
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Introduction
Plows are the main primary soil tillage tool. Soil
tillage is concerned with the abrasive wear of soilengaging components. This is a major problem due to
material loss, increased cost and higher replacement
time for the worn parts of soil tillage equipment.
Abrasive wear resistance depends not only on
the intrinsic condition of the materials, but also
on soil conditions. The main influencing factors
include: chemical composition, production history,
mechanical properties and the microstructure of the
material; particle shape, size, soil strength, density,
moisture, and rock and gravel content; and the
relative velocity and impact angle between the soil
and the tool (Yu and Bhole 1990).
The most influential factors associated with field
working conditions seem to suggest that wear is more
than a simple process that can be explained by the
mechanical properties of a material such as hardness.
Materials to be used in soil-engaging components
should be hard enough to resist wear, but also tough
and strong enough to resist impact and distortion.
The wear of soil-engaging components might be
reduced to the lowest possible extent by providing
an optimum integration of hardness and toughness,
which are inversely proportional mechanical
properties for a material.
Agricultural statistical data for 2008 indicated
that there are 1,194,561 plows in use in Turkey, of
which 996,013 are moldboard plows and 198,548 are
disc plows (TUİK 2010).
Mutaf and Ulusoy (1977) found that the average
wear on a plowshare is 150 g ha-1. Wear on soilengaging implements occurs as a result of both
friction and microscopic fracturing on the wear
surface (Moore 1975; Kantarci 1982). Soil type plays
an important role in wear characteristics together with
the material, shape and placement of the implement
(Öz 1979). Loss due to wear is often much more than
is estimated, and concrete solutions are needed to
reduce this (Karamis 1987). As a result of wear, a 2
mm shrinkage on the sharp side of a plowshare can
cause a 15%-24% increase in the draft (Vang and
Levy 1988). A dull plowshare does not effectively cut
the soil, and it accelerates the formation of plow pan.
Firm soil affects root and plant growth negatively,
resulting in decreased yields (Ulusoy 1981).
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Processes that increase wear resistance include:
improving the basic material features through
heating processes, changing the surface features
with cold deformation, choosing the right friction
pair, developing strong materials to resist wearing,
and coating the materials that are exposed to wear
(Demirci 1982).
Coatings have been used in recent years for surface
hardening to increase wear resistance, especially for
industrial cutting tools. However, there are very few
studies found in the literature about the coatings used
for tillage tools. Vang and Levy (1988) made mass loss
measurements on various hard coating materials for
soil-engaging implements in soils of different types
and moisture content using full-size implements
under field conditions. Wear was found to diminish
using flat-type coatings on the wear surfaces.
The objective of this study is to investigate the
wearing behavior of plowshare materials with
different coatings through soil bin tests on real size
components. In the tests, 4 different specimens
coated with titanium nitride (TiN), electroless nickel,
hard chromium and uncoated 30MnB5 steel were
considered. Plowshare wear behavior was evaluated
using scanning electron microscopy (SEM) and
energy dispersive spectroscopy (EDS) analyses before
and after tillage. In addition, the wear behavior of a
plowshare was evaluated by mass loss measurements
taken before and after tillage.
Materials and methods
The 8 specimen plowshares used in the
experiments were DIN EN 10083 P3 96 (30MnB5), 2
of which were uncoated. Two of the specimens were
coated with hard chromium, which was applied by
electrolysis coating technique, which is an electrochemical method. Another 2 specimens were coated
with electroless nickel coating, which was applied by
the chemical reduction method. The last 2 specimens
were coated with TiN, which was applied by the
physical collecting technique. The plowshares used
in these experiments are shown in Figure 1.
The plowshare wear tests were carried out in sandy
clay loam soil using a one-furrow plow. The coated
specimens (plowshares) were worn in a 7.5 m radius,
70 cm deep, and 120 cm wide sand pool bin with a
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for a plowshare, and comparisons were made with
respect to these results. Mass loss measurements
from wear were repeated after every 25 cycles in the
soil bin until the coating layer was worn.
The speed of the tractor that was driven electrically
and the working depth of the plowshare were adjusted
to 1.61 m s-1 (5.8 km h-1) and 200 mm, respectively, as
is mostly preferred for traditional plows. The length
and width of the plowshares were 40 cm and 35 cm,
respectively.
Figure 1. Different plowshares used during soil tillage.

sandy clay loam type soil containing 7.65% lime and
0.23 mmhos cm-1 salt. The rates of sand, clay, and
loam were 56.5%, 30.2%, and 13.3%, respectively.
Single mineral quartz particles played an important
role in causing wear in the soil bin, except for thin
sand and for pieces with a diameter of between 2 mm
and 0.2 mm and where mineralogical strengths were
7 mohs. Soil moisture content measured just before
the experiment was 5.5% and was kept approximately
at that level throughout the experiments. The circular
soil bin and tillage equipment are shown in Figure
2. After each soil tillage run, the soil in the bin was
flattened and compressed by a cylinder mounted on
the rear of a plow.

Figure 2. Tillage by plow in the soil bin.

The total mass loss and coated thickness wear
from the plowshares were measured at the end of a
tillage length of 25 cycles, corresponding to 1179 m
in tillage length. This was considered the baseline

Coated thickness wear and total mass loss were
measured by an electronic scale with a sensitivity of
10−1 g for the plowshares at the end of the tillage of 25
cycles, or 1179 m in tillage length. Coating thickness
was measured by the minitest 600B-ElektroPhysik
ultrasonic tester with a sensitivity of 0.1 μm.
Friction coefficient values were taken from the
manufacturer of the coating. Surface roughness
values were determined by a MAHR Perthometer M1
measuring instrument using 3 replicates. In order to
measure the roughness of the surface formed while
processing the work piece, a cut-off length of 0.8 mm
was taken from a sampling length of 5.6 mm. The
temperature of the environment was maintained at
20 ± 1 °C.
Micro hardness values for phases in the
microstructure were determined by Vickers’s tester
(Instron Wolpert) using a 100 g load. All hardness
measurements were taken from at least 3 different
points of each specimen and the average hardness
was calculated. SEM (Model JOEL 6060) was used to
characterize the microstructure of the specimens.
The elemental composition at a point along a line
or in a defined area can be easily determined to a high
degree of precision (~0.1 weight %) using EDS. The
objective of applying EDS analysis to this study is to
identify the material transfer between the plowshare
and the soil or the wearing of the coated layers during
the experiment. EDS analysis was conducted on the
plowshares to evaluate the species present on the
surface.
ANAOVA was applied to the experimental data
through SAS 9.0 statistical software to determine
the effects of coating type and tillage length on the
wearing of coated and uncoated plowshares.
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The micro-analysis spectrum of the plowshare
surfaces (Figures 7-9) conforms to the EDS spectrum
of the outer surfaces of the coated plowshares.

Results
The mechanical properties of the coated
experimental specimens indicating the average
thickness of coated layers, average friction coefficient
of a coated layer, average surface roughness of a
coated layer and average surface hardness after the
measurements were taken are presented in Table 1.

The concentration of TiN on the unworn TiN
coated specimen was 91.1% (Figure 9a). However,
there was almost no TiN on the worn surfaces (Figure
9b).

The highest value for surface hardness measured
from the coated specimens was 827 HV for the TiN
coating. However, the highest thickness for a coated
layer was 25 μm for the hard chromium coated
specimen.

The results of the soil bin tests indicating the
measured and calculated values for specimen mass,
total wear and percentage mass wear are given
in Table 2 for each 25 tillage cycles. At the end of
approximately 10 km in tillage length, the uncoated
specimen made of ERD 5630 steel lost an average of
7.16% of its initial mass. The hard chromium coated
specimen lost 6.27%, the electroless nickel coated
specimen lost 7.17%, and the TiN coated specimen
lost 7.99% of its initial mass.

The coated and uncoated specimens exhibited
wear in the soil bin during plowing. SEM micrographs
of the different coatings before and after tillage are
shown in Figures 3-5, while micrographs of the
uncoated control group are shown in Figure 6.

Table 1. The mechanical features of the coated experimental specimens.

Coating Material

Coating Method

Average
Thickness of
Coated Layer
μm

Titanium nitride

PVD / Streaming
Method

4

0.65-0.70

1.12

827

Electroless nickel

Chemical Process/Chemical
Decreasing Method

20

0.40-0.45

1.39

559

Hard chromium

Electro-Chemical Methods/
Electrolysis Method

25

<0.20

0.97

698

a

Average
Friction
Coefficient of
Coated Layer

Average Surface
Roughness of
Coated Layer
μm

Average
Hardness of
Coated Layer
HV0.1 kg

b

Figure 3. SEM micrographs of the surface of the hard chromium coated experimental specimens a) before
tillage (unworn) and b) after tillage (worn).
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a
b

Figure 4. SEM micrographs of the surface of the TiN coated experimental specimens a) before tillage (unworn)
b) and after tillage (worn).

b
a

Figure 5. SEM micrographs of the surface of the electroless nickel coated experimental specimens. a) before
tillage (unworn) and b) after tillage (worn).

of the hard chromium coated specimen was the
highest, followed by the electroless nickel coated and
the TiN coated specimen, respectively. As is clearly
seen in Figure 10, there is a significant decrease as
tillage length increased for all the plowshare coating
thicknesses.
The results of ANOVA on coated and uncoated
plowshare wear are given in Table 3. Accordingly,
coating type and tillage length were found to have a
significant impact on the wearing of the coated and
uncoated plowshares (P < 0.05).

Figure 6. SEM micrograph of the surface of the uncoated ERD
5630 steel (worn after tillage).

The relationship between coating wear and tillage
length is shown in Figure 10. The wearing distance

Discussion
The surfaces of the specimens were characterized
by scratching, deep grooving and gouging caused
by abrasive wear, and by the impact of the soil and
its hard particles during tillage. Deep grooving and
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a

b

2.

4.

6.

2.

4.

6.

Figure 7. Energy dispersive spectroscopy (EDS) analysis of the electroless nickel coated experimental specimens.
a) before tillage (unworn) and b) after tillage (worn).

a

b

2.

4.

6.

2.

4.

6.

Figure 8. Energy dispersive spectroscopy (EDS) analysis of the hard chromium coated experimental specimens.
a) before tillage (unworn) and b) after tillage (worn).

a

b

2.

4.

6.

2.

4.

6.

Figure 9. Energy dispersive spectroscopy (EDS) analysis of the TiN coated experimental specimens. a) before
tillage (unworn) and b) after tillage (worn).
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Table 2. Effect of tillage length (km) on the incremental wear of uncoated and coated plowshares.
Experimental Results

Total Wear per 25 cycles, g

Wear of Mass After Tillage, %

Mass of Specimen, g

Total Wear per 25 cycles, g

Coated Layer Thickness, μm

Wear of Mass After Tillage, %

Mass of Specimen, g

Total Wear per 25 cycles, g

Coated Layer Thickness, μm

Wear of Mass After Tillage, %

Mass of Specimen, g

Total Wear per 25 cycles, g

Coated Layer Thickness, μm

Wear of Mass After Tillage, %

TiN Coated

Mass of Specimen, g

Electroless Nickel Coated

Tillage Length, km

Hard Chromium Coated

Cycle × 25

Uncoated

0

0

5019

0

0

5022

0

25

0

5199

0

20

0

5071

0

4

0

1

1.18

5008

11

-0.22

5015

7

24

-0.14

5189

10

19

-0.19

5061

10

4

-0.20

2

2.36

4994

14

-0.28

5006

9

16

-0.18

5177

12

9

-0.23

5045

16

1

-0.32

3

3.53

4975

19

-0.38

4993

13

13

-0.26

5159

18

2

-0.35

5025

20

0

-0.40

4

4.71

4950

25

-0.50

4976

17

9

-0.34

5135

24

0

-0.47

4997

28

-0.56

5

5.89

4917

33

-0.67

4952

24

7

-0.48

5102

33

-0.64

4959

38

-0.76

6

7.06

4876

41

-0.83

4918

34

4

-0.69

5060

42

-0.82

4912

47

-0.95

7

8.24

4821

55

-1.13

4867

51

0

-1.04

5000

60

-1.19

4851

61

-1.24

8

9.42

4753

68

-1.41

4798

69

-1.42

4928

72

-1.44

4773

78

-1.61

9

10.60

4670

83

-1.75

4715

83

-1.73

4837

91

-1.85

4679

94

-1.97

Total wear, g, %

349

-7.47

155

-6.27

64

-7.17

51

-7.99

Average wear per km, g

32.92

18.81

30
Hard chromium coated thickness, µm

Coated layer thickness, µm

25
20

Electroless nickel coated thickness, µm

15
10

TiN coated thickness, µm

5
0
0

2

4

6

8

10

Tillage length, km

Figure 10. Wearing of coating thickness of differently coated
specimens.

13.30

13.0

traces of hard soil particles were observed on the
hard chromium coated surface and electroless nickel
coated surface, as is shown in Figures 3b and 4b,
respectively. However, strikingly less damage was
observed on the TiN coated specimen. Despite the
high surface hardness of the coated plowshares, the
coated layers wore at different tillage lengths due to
the impact of the soil particles.
Energy distribution analyses of the specimens
were related to their atomic weights. Accordingly, the
electroless nickel coated specimen had 81.1% nickel
(Figure 7a). The hard chromium coated specimen
contained 99.4% chromium content before tillage
(Figure 8a) and it fell to 12% after tillage (Figure 8b).
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Table 3. Variance analysis of wear for a coated plowshare layer.
Source

DF

Sum of Square

Mean Square

F Value

P

Coating type

3

341.67

113.89

6.40

0.013

Tillage Length

8

499.75

62.46

3.51

0.039

Error

9

160.24

17.80

Total

20

889.81

The increase in copper content after tillage is thought
to be due to contamination from an outside source.
The major elements of plowshares are iron and
coated materials (TiN, chromium, and nickel).
The percentage weights of these elements sharply
decrease due to the wearing of the coated plowshare
surface during the tillage experiments. The coated
layer on the plowshare becomes worn out during
tillage experiments.
SEM and EDS analyses showed that abrasive quartz
particles, commonly found in soil, were embedded in
the surface of the plowshare. Different coated layers
of the plowshare were exhibited wear during soil
tillage. The wearing structure in all specimens was
dominated by abrasive wear. Wear is influenced by
the hardness, dimension, and shape of the abrasive
grains; the shape of the plowshare; and the draft force
(Er and Par 2006). However, this is not definitive
due to the effects of other interactive factors. Factors
such as soil particle shape, size, strength, density, and
moisture content; the type, size, and population of
the stones present in the soil; and the relative velocity
and impact angle between the soil and the implement
are also known to influence the wear of tillage tools
in the field. In addition, coated layer thickness,
the coefficient of friction, surface roughness, the
adhesion of the coated layer, soil load, load type and
a plow’s surface geometry have also considerable
impacts on the wear of coated layers.
Both the coated layers and the basic material of
the plowshares were worn over the tillage length.
The uncoated and coated plows were found to have
a similar rate of wear in the soil bin. The uncoated
222

plowshare showed wear of approximately 30 g per 1
km-1 of tillage length. The TiN coated specimen had
the lowest wear rate (13 g km-1) in the soil bin. The
wearing rate of the electroless nickel coated specimen
and hard chromium coated specimen were 13.30 g
km-1 and 18.81 g km-1, respectively.
The wear rate of the uncoated plow used in this
study was higher than that obtained in Mutaf and
Ulusoy (1977) (150 g ha-1). This was probably due to
the different soil texture used. The soil in the bin is
rather different from agricultural land and included a
lot of abrasive particles. When the coated specimens
were compared between each other, it was determined
that increased coated layer thickness decreased mass
loss.
The TiN coating of 4 μm thickness was worn
in 3532 m. The electroless nickel coating of 20
μm thickness was worn in 4710 m, and the hard
chromium coating of 25 μm thickness was worn in
8242 m. The average tillage lengths for the wearing
of 1 μm of coated thickness were 883 m for the TiN
coating, 235 m for the electroless nickel coating, and
330 m for the hard chromium coating. Consequently,
the TiN coating had a higher wearing resistance than
the hard chromium and electroless nickel coating.
The wearing length of the electroless nickel coated
specimen was longer than that of the other specimens.
When considering wear of a certain thickness, the
wear resistance of the TiN coated specimen was
higher than for the others (Figure 11).
Based on the obtained results, it may be said
that surface coating a plowshare ensures a potential
increase in wear strength and wear life and reduces
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800

736

700
Tillage length, m

600
500
400

319

300

217

200
100
0
Electroless nickel

Hard chrome

Titanium Nitride

Coated Material

the severity of abrasive wear during soil tillage.
Furthermore, TiN coating demonstrated the slowest
wear length in terms of 1 μm coating thickness wear,
the highest friction coefficient and medium surface
roughness, and the best coating hardness. However,
these 3 factors are not enough to thoroughly explain
the wearing of the coated layer during tillage and
other previously mentioned factors should also
be considered interactively. Although the coating
of plowshares seems not to be economical under
current industrial conditions, there is still a need for
further progress and improvements to provide more
cost-effective solutions for the near future.

Figure 11. Tillage length for the micrometer wearing of coated
materials on a plowshare.
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